Study Design: Prospective cohort study. Purpose: To prospectively investigate the influence of presence of bone marrow edema (BME) in non acute osteoporotic verterbral compression fractures on postoperative clinical outcome in patients treated by percutaneous vertebroplasty (PV). Overview of Literature: Although PV is widely used to treat osteoporotic collapsed vertebral compression fractures (VCF); little is known about the influence of BME in osteoporotic VCF or about its relation with relief of pain. Methods: Sixty seven patients with non acute osteoporotic verterbral compression fractures treated with PV. They were divided into edema group (56 patients with apparent vertebral BME in their magnetic resonance [MR] images), and non edema group (11 patients with no vertebral BME detected in their MR images). Pain was evaluated one week, one month, six months, and one year post procedure using visual analogue scale. Statistical analysis including a 2-tailed t test comparing postoperative data with preoperative values was done. Results: A good clinical response to PV procedure was seen in all patients. Significant difference was seen between two groups in one week, and one month follow up periods. Regarding pain relief in the other periods of follow up, no significant difference was seen between two groups. Conclusions: PV resulted in significantly clinical improvement in patients with BME pattern than in those without in one week and one month follow up periods. But the absence of vertebral BME did not influence pain relief in patients with osteoporotic VCFs in six months, and one year post procedure. 
Introduction
Many clinical entities can cause painful vertebral collapse. These include osteoporosis, vertebral hemangiomas, multiple myeloma and metastatic diseases. Of these, the most common is osteoporosis. Percutaneous vertebroplasty (PV) is widely accepted as a useful treatment for back pain resulting from osteoporotic compression fractures [1] [2] [3] [4] [5] [6] [7] .
Magnetic resonance imaging (MRI) provides information on anatomy of vertebral collapse and the loss of signal intensity from the vertebral bone marrow space. Loss of normal signal intensity, which indicates the presence of bone marrow edema (BME), is useful in determining the vertebra that is to be treated [7] [8] [9] . However, to the best of my knowledge few studies in literature have examined the relationship between the pain relief and the presence of BME either too early postoperative (1-3 days) or starting after one month and followed up the patients for one year postprocedure [10, 11] . So that, the purpose of this study is to prospectively investigate the influence of presence of BME in non acute osteoporotic verterbral compression fractures on postoperative clinical outcome in patients treated by PV.
Materials and Methods
This study which was approved by Institutional Review Board of Menoufia University, was performed between September 2011 and August 2013. All patients provided written informed consent. Inclusion criteria for vertebral compression fracture (VCF) to be treated by PV were: (1) VCF with height loss ≤40% of the vertebral body compared with the posterior wall height, (2) localized back pain refractive to medical therapy for at least six weeks (3) bone attenuation T-scores <-2.0, and (4) Patient is free of any underlying disease.
A total of Sixty seven patients with 102 non acute osteoporotic VCFs were included and treated in this study. They were divided into edema group (56 patients with apparent vertebral BME in their MR images), and non edema group (11 patients with no vertebral BME detected in their MR images). All patients were treated with PV. Age of the patients ranged from 49.7-71.3 years with mean age 61.4 years. Fifty eight were women and nine were men.
MRI protocol
MRI examinations were performed using a 1.5 T magnetic resonance machine. T1-weighted and fat suppressed T2-weighted MRI scans were obtained in the sagittal plane. A series of images were obtained using a quadrature thoracolumbar spine coil. The imaging sequences was either sagittal T1-weighted spin-echo sequence or a sagittal T2-weighted spin-echo sequence.
Vertebral bodies were classified into three subgroups according to the proportion of the vertebral body affected by BME pattern, as seen in the sagittal plane. All sagittal MRI scans that depicted the vertebral bodies were analyzed, and three images that showed the right side, center, and left side of the vertebral bodies were selected. If the distribution of BME pattern differed on the sagittal MR images, the image with the broadest distribution was used for classification purposes. Classification criteria consisted of three types. In edema group type 1, BME pattern was present in ≥50% of the vertebral bodies (at least one patient have >50% BME in one vertebrae). Type 2, the BME pattern was evident in <50% of the vertebral bodies (at least one patient have <50% BME in one vertebrae). In non edema group type 3, the vertebral bodies did not display a pattern of BME.
Procedure
PV was performed either under local anesthesia or general anesthesia under C-arm guidance. The bilateral transpedicular approach was used whenever the offending vertebral fracture affects the vertebrae both in right and left sides more or less equally. The unilateral transpedicular approach was performed if the vertebrae affected by a compression fracture were predominantly on one side. Acrylic resin bone cement was injected manually under continuous fluoroscopy by using 1.0 mL syringes and 11-gauge bone biopsy needles (Tsunami Medical, Mirandola [MO], Italy). Acrylic resin used: Exolent spine (Elmdown, Italy). The following morning, a CT scan of the treated levels was made to assess cement deposition and to identify possible extra cement leakage or other local complications that might not have been noted under fluoroscopy.
Outcome evaluation
Pain was evaluated two hours, one week, one month, six months, and one year post procedure using a visual analogue scale (VAS). Medication usage was also evaluated.
Statistical analysis
Patient and imaging characteristics were evaluated in the total study groups and subgroups. A statistical analysis including a 2-tailed t test comparing postoperative data with preoperative values were done. Differences between characteristics in the subgroups were tested with chi-square χ variables). The paired t test was used to compare changes in VAS and the Wilcoxon paired sample test to compare type of analgesics used before and after PV.
Results
Forty one vertebrae were classified as type 1, 34 as type 2, and 27 as type 3. Twenty nine patients were accordingly assigned to edema group type 1 ( Fig. 1 ), 27 were assigned to edema group type 2 ( Fig. 2) , and 11 were assigned to no edema group type 3 (Fig. 3) .
Postprocedural VAS and type of analgesic used was significantly lower at all intervals of follow up compared with initial values (p<0.001) (Figs. 4, 5) . Both VAS and type of analgesic used decreased foremost in the first week to one month after PV. Values remained fairly constant at further follow-up intervals.
A statistically significant difference was evident between edema group types 1 and 2 compared to non edema group type 3 with respect to postprocedural VAS score (p<0.031) at 1 week and 1 month follow up times, and significant differences were seen between preprocedural and postprocedural VAS scores in all three groups (p<0.001 in edema group type 1, p<0.002 in edema group type 2, and p<0.05 in non edema group type 3) at the one year follow up period.
At the one month follow up period, pain reduction of at least 60% during activity was achieved in 21 (72.4%) of 29 patients in edema group type 1, 19 of 27 patients (70.3%) in edema group type 2, and sex (54.5%) of 11 patients in non edema group type 3. There were statistically significant differences in both pain at rest and pain with activity in all three groups at the one-week follow up period and these differences continued throughout the follow up. Patient's mobility improved significantly at post-procedure one-week, and there significant difference were evident between the edema groups (type 1 and 2) and the non edema group (type 3) at the one-week and one month follow up (p<0.002). No significant differences between any groups were evident at six-month and one-year follow up (Fig. 6) . Wilcoxon signed test.
Periods of follow-up

Discussion
PV is widely used to treat osteoporotic collapsed or weakened VCFs that cause moderate to severe pain and which are unresponsive to conservative therapy. Till now, little is known about the influence of BME in osteoporotic VCF and its relation with relief of pain. In general, fractures less than one month old are hypointense on T1-weighted images and hyperintense on T2-weighted and STIR sequences [12] . Approximately 1 to 3 months after vertebral collapse, most osteoporotic VCFs becomes isointense to normal bone marrow on T1-and T2-weighted sequences [13] . Fully healed VCFs demonstrate either return to normal marrow signal intensity or, in the presence of sclerosis, may appear hypointense on T1-and T2-weighted sequences. Based on these observations, VCFs with BME are considered subacute and are candidates for PV with favorable response to pain [6, 7, 14] . On the other hand, VCFs without BME are considered chronic or healed and therefore not good candidates for PV.
From the clinical point of view, it does matter whether the presence of BME in osteoporotic VCFs affect the clinical outcome after VP or not. To answer this question this study was designed which included sixty seven patients with a 102 non acute VCFs (subacute and chronic VCFs).
Voormolen et al. [15] treated 45 patients with VCFs. 31 patients had full BME in their fractures and 14 patients had no BME in their fractures and followed them for 3 months. They found a favorable response on pain in VCFs treated with PV in 94%-97% of patients with full BME and in 71% of patients with absent BME. Relief of back pain in general after PV treatment was comparable in patients with full and absent BME [15] .
To the best of my knowledge, this study is the first to asses both pain at rest and with activity and their relation to the presence or absence of BME in non acute osteoporotic VCFs. Pain scores at rest and with activity were highly significantly decreased one week postprocedural and continued for a month compared with pain scores preprocedural in both edema groups type 1 and 2 and significantly decreased in non edema group type 3. But at six months follow up, the edema groups (type 1 and type 2) and non edema group (type 3) groups showed highly significant differences compared to preoperative pain scores either at rest or with activity. After an interval of six months follow up; there were no statistically significant differences regarding both pain at rest and pain with activity between the two edema groups (type 1 and type 2) and non edema group (type 3) with the lack of significance continuing through the one-year follow up interval.
The results from literature indicate that presence of BME in VCFs is a strong predictor of favorable response on pain relief after PV and PV in patients with absent BME should not be withheld based on the absence of BME alone. Pain response after PV can be independent of other patient or imaging characteristics [15, 16] . In contradiction to these finding, this study included 23 patients admitted to perform PV procedure after being fractured by more than 7 months and 17 of them had BME in their MR imaging studies. That is why the presence of BME is irrelevant to the pain relief in the current patients. The current results are confirmed in studies by using bone scintigraphy, in which increased uptake in up to 41% of untreated VCFs persists for as long as 1 year after initial fracture [17, 18] .
In another study, Voormolen et al. [11] studied the evolution of BME in vertebral bodies and its relation with relief of pain in 89 vertebrae with osteoporotic VCFs all having BME and followed them for a year and at the end of their research they concluded that; there is no relation between the presence of BME and the relief of pain post PV (changes in BME extent on 1 year MR imaging follow-up were unrelated to changes in pain after PV at all follow up intervals). Finally, their study indicates that; MRI follow-up after PV is generally not necessary. Plain radiographic films of the spine give information on further collapse of the treated VCF and occurrence of new VCF. Follow-up MRI is only indicated in patients with new symptomatic VCF in which PV is considered or in patients with unexplained residual pain.
The information from the current study denotes that; the relatively rapid relief of pain seen after PV may be due to intervertebral fixation and lack of movement of fracture fragments with PV. However, relief of pain and fracture healing seems to be two separate aspects of VCF recovery.
The early results of current study on 102 VCFs suggest that; the more extensive the BME pattern in the treated vertebra, the greater the pain relief provided by PV will be. However, no significant difference was seen between patients with a bone marrow pattern that occupied ≥50% of the vertebra and those in whom it occupied >50% at one-week and one-month follow up intervals. Later results at six months and one year follow up periods showed significant reduction in pain scores in the all groups compared to the preprocedural pain levels and insignificant results between the edema and non edema groups regarding pain relief. These results are in accordance with previous reports that indicated that while PV is effective in treating chronic compression fractures, it is more effective in treating acute compression fractures [14] . This is the only report to discuss the percentage of improvement in postprocedural mobility and its relationship to the presence or absence of BME which is the land mark to regain the normal daily activities. The results of this report showed significant improvement in mobility of the patients as early in follow up time and the improvement continued throughout the whole time of follow up. At early follow up periods (one week and one month); there were significant differences between edema groups (type 1 and type 2) and non edema group, but after six months follow up interval; no significant differences had been recorded between the three types.
The use of opiate derivatives was significantly decreased post PV in all types at one week follow up period and continued to one month interval. There was a significant difference between the edema groups (types 1 and type 2) and non edema group type 3 at one week and one month follow up times. In later follow up periods (six months and one year), the difference between the all groups was insignificant. Most of the treated patients stopped opiate derivatives after a month postoperatively and used either Paracetamol or non-streroidal anti-inflammatory drugs to control residual pain. These results are in accordance with the previous reports in literature [11, 15, [19] [20] [21] [22] [23] [24] [25] .
Conclusions
PV resulted in significantly clinical improvement in patients with BME pattern than in those without BME in early follow up periods. But the absence of BME did not influence pain relief and improvement in mobility in patients with osteoporotic vertebral compression fractures at the six months, and one year post procedure follow up periods. Thus, either the presence or absence of BME in treated osteoporotic VCFs is unrelated to improvement in clinical outcome. So, the results of this study recommend that, PV should not be withheld based on absence of BME alone.
